A molecular phylogenetic study of the Pectinidae (Mollusca: Bivalvia) was carried out based on the amino acid sequences of mitochondrial cytochrome c oxidase subunit I (COI) in 17 species of this family. Interestingly, the obtained phylogenetic tree is almost completely consistent with Waller's classification system of the Pectinoidea, which was proposed mainly on the basis of shell microstructure and early dissoconch morphology. The recognized clades of various levels in the present tree correspond well to the families, subfamilies or tribes defined by him. It indicates not only the adequacy of his method in the evaluation of taxonomic characters but also the possibility that a thoughtful analytical study of uniquely derived morphologic characters also could approach true phylogenetic relationship. On the other hand, the present tree is evidently inconsistent with the systems by many other authors which are merely based on the macroscopic morphology of adult shells. They seem to have overlooked convergence which arises from similar life habit between independent lineages. Although the object of phylogenetics and taxonomy should be discriminated, molecular phylogenetic studies thus provide criteria to see through convergence at various levels and will contribute much to improve existing classification systems.
INTRODUCTION
Since the family Pectinidae, consisting of more than 300 living species, is one of the most conspicuous groups of Bivalvia, taxonomic studies have been carried out by many authors since the late 18th century. The rich fossil record of the family, owing to the solid and stable shell microstructure, also allowed paleontologists to infer evolutionary relationships along a number of lineages. Although most species and various groups of species (often regarded as genera or subgenera by recent authors) can be clearly defined by unique shell morphology, existing classification systems, especially grouping of genera into subfamilies, differ greatly among authors, simply because of different views in the evaluation of taxonomic characters.
Molecular phylogenetic studies have developed rapidly over the last few decades. Because molecular evolution is basically a neutral process (Kimura, 1968) , convergence and parallel evolution may seldom occur at the molecular level. Although phylogenetics and taxonomy should be discriminated, molecular phylogenetic analyses may offer clear reasons why one classification system is more adequate than another. As to the relation between phylogenetics (either molecular or cladistic) and traditional taxonomy, we are of the opinion that a supraspecific taxon must be monophyletic or paraphyletic (as defined by cladists), and that a polyphyletic taxon, if clearly suggested by phylogenetic analyses, should be rejected or substantially modified.
We have determined the sequences of cytochrome c oxidase subunit I (COI) of mitochondrial DNA of 17 pectinid species and several outgroups from the Japanese Islands. It has been demonstrated that the sequences of mitochondrial genes are useful for analyzing relationship among distantly related organisms (Kocher, Thomas, Meyer, Edwards, Pääbo, Villablanca & Wilson, 1989) and that the COI gene is conservative among Metazoa (Jacobs, Balfe, Cohen, Farquharson & Comito, 1988; Folmer, Black, Hoeh, Lutz & Vrijenhoek, 1994) . One of the advantages of mtDNA analyses in phylogenetics is that it is free from the danger of comparing paralogous genes, as may often be the case with nuclear genes (Jacobs, Elliot, Math & Farquharson, 1988) . The present data, therefore, are informative to construct a molecular phylogenetic tree of pectinids. In this paper the adequacy of existing suprageneric classification systems of the Pectinoidea is discussed by comparing with the result of our mitochondrial analysis.
EXISTING CLASSIFICATION SYSTEMS OF PECTINIDS
A number of classification systems of the Pectinidae (commonly including the Propeamussiidae) have been proposed; among others those of Thiele (1935) , Korobkov (1960) , Hertlein (1969) , Habe (1977) and Waller (1986 Waller ( , 1991 Waller ( , 1993 are the most comprehensive and influential. Because these authors treated so many pectinid genera and subgenera, only their subfamily-level grouping of selected genera is shown in Table 1 . Thiele (1935) classified Pectinidae into two subfamilies, Pectininae and Amussiinae [ϭ Amusiinae], without mentioning clear diagnostic characters. He seems to have regarded several genus-group taxa having internal ribs, smooth external surface and/or translucent shells as belonging to the Amusiinae. Korobkov (1960) All of these systems, though substantially different from one another, were based on the resemblance or difference of macroscopic morphologic characters in adult shells. Shell microstructure and juvenile morphology as well as characters of the soft parts were seldom considered. These taxonomists seem to have often overlooked parallel evolution and convergence. For example, adult shells of free-living pectinids with high swimming ability, which were evidently derived from independent byssate ancestors, commonly share a wide apical angle, large aspect ratio, degenerated byssal notch and ctenolium, relatively large and oblique quick muscle of adductor (Stanley, 1970; Thayer, 1972) .
Propeamussium had long been regarded as allied to Amusium because of the presence of internal ribs, but recent studies of shell microstructure proved that these two genera are unrelated and deserve to be discriminated at the family level (Waller, 1972 (Waller, , 1984 . Moreover, the internal ribs of the two genera are quite different in basic structure and also in origin (Hayami, 1988) . The Pectinidae including Amusium is characterized by the outer shell layer of both valves almost totally composed of foliated calcite, while the Propeamussiidae has a right valve widely covered by a layer of prismatic calcite. On the other hand, some small-sized genera (e.g. Cyclopecten and Chlamydella), even though lacking internal ribs, share essentially the same shell microstructure with Propeamussium and are surely referable to the Propeamussiidae (Hayami, 1988; Hayami & Kase, 1993) . Because shell microstructure is generally stable within a bivalve family (Taylor, Kennedy & Hall, 1969; Carter, 1990) , the knowledge seems to conflict largely with the previous systems.
Waller (1986, 1991, 1993) has been establishing a new classification system in a series of descriptive papers (partly summarized in Table  1 and Fig. 1 ). The extant species of the Pectinoidea were classified by him into three distinct families, Entoliidae (formerly called Syncyclonemidae), Propeamussiidae and Pectinidae, mainly on the basis of the differences in shell microstructure. The Pectinidae was divided into three subfamilies: Camptonectinae, Chlamydinae and Pectininae, though the constituent genera of each subfamily are considerably different from those of previous authors. The Chlamydinae was further divided into four tribes: Chlamydini, Crassadomini, Mimachlamydini and Aequipectinini, and the Pectininae into three tribes: Palliolini, Decatopectinini and Pectinini. Waller's system was partly followed by Dijkstra (1995) 
Waller's and many other recent studies of pectinoids were not yet taken into consideration.
Waller may not be a pure cladist but he restored the phylogeny of pectinids by finding uniquely derived characters, attaching greater importance to the morphologic characters in juvenile stage than in adult stage. Fossil records were also taken into consideration. Although Waller has not yet discussed the taxonomic position of many Indo-Pacific genera, his method and system are at least logically more adequate than previous ones, possibly better representing the true phylogenetic relationship, because the shell morphology of juvenile stage is free from the convergence by subsequent change of life habit.
Recently, the sequences of 18S ribosomal RNA have been applied to the reconstruction of molluscan phylogeny by several investigators (Rice, Roddick & Singh, 1993; Winnepenninckx, Backeljau & de Wachter, 1996; Adamkewicz, Harasewych, Blake, Saudek & Bult, 1997) . A few pectinids were analysed in their studies. Frischer, Williams & Kenchinton (1998) discussed the phylogenetic relation among seven species of this family also on the basis of 18S rRNA. Since these authors treated the species mainly from the northeast Pacific and north Atlantic, their materials may be complementary to ours. As discussed later, however, it is now difficult to synthesize their and our results.
MATERIAL
Living individuals of 25 pteriomorphian bivalves collected at various localities around the Japanese Islands were molecularly analyzed in this study (Table 2) . Eight species other than the Pectinidae were examined as outgroups. In addition, we used the mtDNA data for Pecten maximus (Linné 1758) from Nucleotide Sequence Database (accession number X92688). The examined species cover only some of pectinoidean genera, but the obtained phylogenetic tree may be competent to discuss the adequacy of existing systems of the Pectinoidea especially in the Indo-West Pacific realm.
METHOD OF STUDY

Extraction of mtDNA
MtDNA was extracted from the gonad, adductor muscle or whole tissue of each sample. Homogenization was carried out on ice with a teflon homogenizer. SP buffer (Tris-HCl pH 8.0 100mM, EDTA 50mM, NaCl 400mM, KCl 150mM) was added to ten volumes of the homogenate. Nuclei and debris were precipitated by centrifugation at 1000 gal for 10 min at 4°C. After the supernatant was removed into another tube, second centrifugation in order to precipitate mitochondria was carried out at 13,000 gal for 15 min at 4°C. The mitochondrial pellet thus obtained was suspended by EST buffer (Tris-HCl pH 8.0 10mM, EDTA 100mM, NaCl 150mM) of 1ml, and lyzed by adding 20% sodium dodecyl sulfate (SDS) solution of 400 l at room temperature. Then, 4M NaCl solution was added to the lyzates at final concentration of 1M, which was kept for 15 min on ice. The solution was twice extracted with phenol-chloroform and chloroform. The DNA was purified by precipitation with 0.1 volume of 3M sodium acetate, pH 6.0, and equilibrate volume of isopropanol. Then, the pellet was suspended again by TE buffer (Tris-HCl pH 8.0 10mM, EDTA 1mM).
PCR amplification
A partial region of mitochondrial COI gene was amplified with PCR method. PCR primers were designed by comparing COI sequences in various animals and searching for a highly conserved region. The sequences of forward and reverse primers are 5Ј-ATYGGNGGNTTYGGNAAYTG-3Ј and 5Ј-ATNGCRAAYTTYGGNTC-3Ј (N ϭ A,G,C,T; R ϭ A,G; Y ϭ C,T), respectively. The reaction mixture contained template (<1 g), 50 picomoles of each primer, 25 l of PremixEXTaq (TAKARA), dH 2 O up to 50 l. Amplifications were carried out for 30 cycles using the following program: 94°C for 30 sec, 52°C for 30 sec, 72°C for 1 min. The extension reactions were completed by incubation 72°C for 7 min. One microlitre of each PCR product was evaluated on 2% (w/v) agarose gel. In order to optimize the next ligase reactions, the remaining reaction mixture was transferred to a GEANCLEAN SPIN Kits (Bio 101) for removal of primers, unreacted dNTPs and salts.
DNA cloning and sequence
Purified PCR products were cloned with TA cloning kit (Invitrogen). Then, the plasmid was purificated by Alkaline SDS. Inserted PCR products were confirmed by agarose electrophoresis. Sequence reactions were carried out with dRhodamine (Applied Biosystems/Perkin Elmer) using both T7 and RV-P primer. Several clones of each species were sequenced on an Applied Biosystems 310 automated DNA sequencer. Some sequences were decided with direct sequence using both PCR primers and internal primers.
Data analysis
To avoid the influence of multiple substitutions, we translated the obtained nucleotide sequences into amino acid sequences. The amino acid sequences of COI gene were presumed according to the mitochondrial genetic code of Drosophila yakuba decided by Clary & Wolestenholme (1985) . Its genetic code is the same as that of Mytilus edulis decided by Hoffmann, Boore & Brown (1992) . The sequences were aligned by Clustal X (Thompson, Gibson, Plewniak, Jeanmougin & Higgins, 1997) . A few positions exceptionally lacked or inserted in the sequences of some species were excluded from the elements for the comparison.
The data set was analyzed by ProtML ver 2.3 package (Adachi & Hasegawa, 1996) with using the maximum likelihood method (Felsenstein, 1981) . This method is robust enough under various situations and does not need a premise of molecular clock, while the maximum parsimony method does, as demonstrated by computer simulations (Hasegawa & Kishino, 1991; Hasegawa & Fujiwara, 1993) . Neighbor-joining and Quartet Puzzling trees were used as the starting topology for local rearrangement search to construct Maximum Likelihood tree with JTT-F and mREV-F models. Robustness of the results was tested by the RELL (resampling of the estimated log-likelihood) (Kishino, Miyata & Hasegawa, 1990 ) with 10,000 pseudo-replications.
RESULTS
The nucleotide sequence of a homologous region of COI gene was recognized for each species. The length of PCR product is 903 base pairs in most species, but in Crassostrea gigas, Parvamussium intuscostatum and Scapharca subcrenata it is 894, 897 and 906 base pairs, respectively. Excluding the positions lacking or inserted in any species, the characteristics at 296 amino acid sites were applied for the construction of a molecular phylogenetic tree (Fig. 1) . In the Pectinidae the characteristics are variable at 91 sites and invariable at 205 sites. The variability is moderate and convenient for phylogenetic analyses. Figure 1 is the maximum likelihood tree derived from the data by the JTT-F model. In this case JTT-F model may be more appropriate than the mREV-F model, because higher likelihood could be obtained. (Crandall, 1979) Okinawa (Seragaki) AB033671 Pedum spondyloideum (Gmelin, 1791) Okinawa (Kyota) AB033672 Anguipecten picturatus (Dijkstra, 1995) Okinawa ( When a few species of the Limidae, Ostreidae and Arcidae are selected as outgroups, the obtained phylogenetic relationship within the Pectinoidea is in good agreement with Waller's system, while it is quite different from the systems of other previous authors. Various clades in the present ML tree seem to correspond well to the families, subfamilies and tribes defined by Waller, as enumerated below (see also Fig.  1 ).
1) It was verified that the Propeamussiidae (represented here by Parvamussium intuscostatum) constitutes a sister group of the Pectinidae, supported by a good bootstrap value. Their family-level distinction by Waller (1972 Waller ( , 1984 is upheld by the present mtDNA analysis. At the same time, it became clear that the morphologic resemblance between Propeamussium and Amusium is only superficial.
2) The four examined species of the Spondylidae form a clade, which seems to represent a distinct family of the Pectinoidea. Generic or subgeneric distinction of Eltopera from Spondylus may be appropriate. It is probable that the Spondylidae was not directly derived from the Pectinidae but descended from such an extinct family as the Terquemiidae, as interpreted by Newell and Boyd (1970) . This may be the reason why the Propeamussiidae is molecularly closer to the Pectinidae than the Spondylidae in spite of the earlier first appearance in the fossil record.
3) The present phylogenetic analysis indicates that the members of the Pectinidae constitute two major distinct clades. These clades correspond completely with the two subfamilies (Chlamydinae and Pectininae) of Waller's system in the constituent genera. This is one of the most important results of this analysis. 4) Patinopecten is composed of free-living species with swimming ability, but in the juvenile stage it has a deep byssal notch, distinct ctenolium and shagreen microsculpture like Chlamys islandica. Patinopecten was referred to the Pectininae by many previous authors, and to a distinct subfamily Patinopectininae by Masuda (1962) , Habe (1977) and Kafanov (1986) . On the other hand, Waller (1991) regarded Patinopecten as closely related to Chlamys. The result of our mtDNA analysis certainly supports Waller's treatment, because the genetic distance between Patinopecten yessoensis and Chlamys islandica is very small. Only the characteristics at six of 296 amino acid sites are different between the two species. 5) Azumapecten seems to be a widely distributed genus in the Indo-West Pacific realm including temperate seas of both hemispheres. The constituent species of this genus have been regarded as belonging to Chlamys (s. l.) or the Chlamydinae, but it has been questioned whether this genus is phyletically more intimate to such cold-water species as Chlamys islandica or to such tropical-subtropical species as Laevichlamys squamosa. Our mtDNA analysis clearly indicates that Azumapecten (at least its type-species A. farreri) is more closely related to C. islandica than to L. squamosa. 6) Veprichlamys empressae appears to form a clade with the above-mentioned cold and temperate-water species, but the relation is not conclusive, since the bootstrap value is relatively low.
7) Semipallium was included in Decatopecten Group by Hertlein (1969) , but Waller (1991) regarded it as closely related to Chlamys and Swiftopecten. In the present phylogenetic tree several genera including Semipallium constitute a distinct clade corresponding with the Chlamydini defined by Waller (1993) , although Semipallium proves to be molecularly closer to Laevichlamys than to Chlamys and Swiftopecten. As shown in Table 3 , the differences of transition (above diagonal) and transversion (below diagonal) of nucleotide sequences among Semipallium dianae, Laevichlamys squamosa and Swiftopecten swiftii also indicate a similar relationship. 8) Pedum spondyloideum had been regarded as a bizzare pectinid owing to the unique shell morphology and specialized life habit (embedded in living hermatypic corals) (Yonge, 1967; Savazzi, 1998) . Habe (1977) proposed a monospecific subfamily Peduminae, but Waller (1993) regarded Pedum as belonging to the Chlamydini. Our mtDNA analysis reveals its close relation to Semipallium dianae and Laevichlamys squamosa, strongly supporting Waller's allocation. As suggested by Savazzi (1998) , rapid morphological change may have occurred as a response to the behavioral evolution. 9) Mimachlamys nobilis, Mimachlamys albolineata and Volachlamys hirasei constitute a small clade with a good bootstrap value, which seems to correspond to the Mimachlamydini defined by Waller (1993) . Although Waller has not yet discussed the taxonomic position of Volachlamys, this genus and Mimachlamys share such derived morphologic characters as pitted microsculpture on the young left valve and simple radial ribs. Volachlamys was regarded by Dijkstra & Kastoro (1997) as belonging to the Aequipectinini, but it is probably closer to Mimachlamys.
10) The species of Gloripallium are byssate throughout life, while those of Anguipecten are Waller (1986) . 11) Cryptopecten has been vaguely regarded as akin to Aequipecten (Hayami, 1984) , and Dijkstra (1995) regarded it as belonging to the Aequipectinini. In the present maximum likelihood tree, however, Cryptopecten vesiculosus is united with Pecten maximus and Pecten albicans at very low levels. Only the characteristics at eight amino acid sites are different between C. vesiculosus and P. albicans. Cryptopecten consists of small-sized byssate species and morphologically quite different from Pecten at least in the adult stage. Such a close relation at the molecular level was not expected. Genetic similarity between Cryptopecten and Pecten was also ascertained by the analysis of cytochrome b gene of mtDNA (about 350 base pairs), which was carried out for a part of the present material. 12) Waller (1991) considered Amusium to be closely related to Pecten and Euvola. Our mtDNA analysis also suggests that Amusium should be assigned to the Pectininae defined by Waller and that subfamilial distinction of Amusium is unneccessary. In the present tree, though the bootstrap value is not high, Amusium japonicum is united with all other species of the Pectinini and Decatopectinini at a higher level. If Amusium is included in the Pectinini, this tribe may become a paraphyletic taxon, but there is no positive reason to modify Waller's system.
DISCUSSION
As shown above, the mtDNA phylogenetic tree of 17 pectinid species is consistent with Waller's system not only in the constituent genera but also in his ranking of subfamilies and tribes. Although the Pectinini of Waller may be paraphyletic, no polyphyletic group was found in the suprageneric taxa applied by him. Only the branching patterns related to Semipallium and Amusium are slightly different between the present tree and Waller's system. Considering that all the taxonomic characters applied by Waller are morphological, the coincidence must be meaningful.
On the other hand, it is evidently inconsistent with the systems of Thiele (1935) , Korobkov (1960) , Hertlein (1969) , Habe (1977) and many other taxonomists. For example, the Amusiinae of Thiele, the Amusiinae and Pectininae of Korobkov, the Amusium, Chlamys, Decatopecten and Pecten Groups of Hertlein, and the Chlamydinae of Habe, at least, are regarded as polyphyletic groups. The Amusiinae of these authors and the Peduminae of Habe seem to be useless taxa. The Patinopectininae of Masuda (1962) is regarded as unnecessary, because of the intimate relation between Chlamys and Patinopecten. The Fortipectininae of Masuda (1963) may be also subjectively synonymous with the Chlamydinae, since Fortipecten takahashii, a unique reclining fossil species, is closely similar to Patinopecten yessoensis in the young stage (Hayami & Hosoda, 1988) . The members of the Palliolinae of Korobkov and the Camptonectinae of Habe are not yet molecularly examined, but they are evidently also polyphyletic, because such propeamussiid genera as Cyclopecten and Chlamydella were contained. These subfamilies should be applied with revision of constituent genera, as pointed out by Waller (1991) and Waller & Marincovich (1992) .
It may be important to consider why our mtDNA tree agrees only with Waller's system. Waller (1972 Waller ( , 1978 Waller ( , 1984 distinguished the Pectinidae from the Propeamussiidae, regarding the clearly different shell microstructure and the presence of true ctenolium as unique family-level characters. The ctenolium, the denticles of which comb and spread the byssal threads, is, of course, a functionally meaningful character but it is believed to have derived only once and, therefore, to be useful in macrotaxonomy. Waller (1991 Waller ( , 1993 further classified the Pectinidae into several subfamilies and tribes by introducing a cladistic approach, finding uniquely derived characters such as three kinds of shell microsculpture, pattern of radial ribs and dentition, which appear in the early dissoconchs. Generally, such microscopic characters appearing in juvenile stages may be essentially important for phylogenetic classification, because they are scarcely influenced by subsequent changes of life habit. The size and shape of prodissoconchs, however, may be less useful for this purpose, because they are strongly subject to larval ecology, as demonstrated by Hayami and Kase (1993) .
Many other previous authors, on the contrary, have classified the Pectinidae chiefly by the difference of morphologic characters in adult shells. They commonly applied shell form, surface sculpture, presence or absence of byssal notch and ctenolium and other macroscopic features only in adult stages for the distinction of genera and subfamilies. While adult shell characters are functionally meaningful and useful for the classification at the species level, they must be strongly influenced by the secondary changes of life habit. Since the change of life habit (e.g. from byssate to free living) is commonly known in many extant species and is also believed to have occurred in a number of independent pectinid lineages, many previous authors may have been deceived by the resultant convergence.
Convergence is actually known to occur also at the molecular level (Stewart, Schilling & Wilson, 1987; Yeager, Kumar & Hughes, 1997) . As the result of our mtDNA analysis, the three exclusively cold-water species, namely, Chlamys islandica, Patinopecten yessoensis and Swiftopecten swiftii, form a distinct clade, while the two warm-water species, Laevichlamys squamosa and Semipallium dianae constitute another clade in the Chlamydini. Since Swiftopecten and Semipallium are morphologically close to each other (Waller, 1991 (Waller, , 1993 , it may be doubted if the present result is due to some molecular convergence in relation to the adaptation to different water temperature. It is, however, known that molecular convergence occurs only in partial regions of protein where functional restriction works strongly (Yeager et al., 1997) . The 296 amino acid sites examined in this study may be sufficient to deny the possibility of molecular convergence.
Recently, Frischer, Williams & Kenchington (1998) analysed 18S rRNA gene sequences of seven pectinids from the northeast Pacific and north Atlantic, which respresents the Chlamydini, Mimachlamydini, Crassadomini, Aequipectinini, Palliolini and Pectinini in Waller's classification. Although the bootstrap values were sometimes less than 50 (for 100 replications), the branching patterns of their trees by a few clustering methods were interpreted as partly inconsistent with Waller's system. For example, Placopecten magellanicus (representing Palliolini) appeared to constitute the clade of Chlamydinae (instead of Pectininae), and Argopecten irradians (representing Aequipectinini) was regarded as closer to Pecten maximus (representing Pectinini) than to all the species of other tribes. The same branching order among these three species was indicated also by another 18S rRNA analysis (Winnepenninckx, Backeljau & Wachter, 1996) . It is difficult to compare these 18S rRNA trees with our results, because the materials and examined mitochondrial domains are quite different.
According to Frischer, et al. (1998, Table 2 ), only 17 of 1772 base pairs (0.95%) at the maximum were said to be variable among the seven examined pectinids. On the other hand, we ascertained that about 30% amino acid sites of COI are variable among the 17 pectinids. 18S rRNA sequences, we suppose, may be suitable for phylogenetic analyses on a larger scale (e.g. Phylum Mollusca), but are too conservative and less informative than COI sequences in order to analyze the detailed phylogenetic relation within a bivalve family. The inconsistency between their 18S rRNA trees and Waller's system, we think, is not conclusive. We are aware of our insufficient species sampling, since we analyze only 17 species belonging to 15 genera among more than 300 species of the Pectinidae in the world. Many pectinid genera represented by Atlanto-East Pacific and deep-water species have not been examined. The delicate pattern of the phylogenetic tree, including the branching order, would be amended to some extent by further examination of other constituent species of this family. Individual and geographic variations of nucleotide sequence are not examined here, but, even if the determined sequence is not strictly invariable in all individuals of each species, the present phylogenetic tree may be little influenced by sample size.
CONCLUDING REMARKS
The studies of organic diversity are now promoted along three major schools of different principles; namely, traditional evolutionary taxonomy, cladistics and molecular phylogenetics. Modern cladistics and molecular phylogenetics are aiming for the restoration of phylogeny in itself and not necessarily for the construction of classification systems in accordance with Linnean hierarchy. In traditional taxonomy the classification systems above the species level have been constructed by a posteriori weighting of taxonomic characters, which are evaluated mainly on the basis of developmental and morphological similarity as well as fossil records. Recently, however, the advantages of cladistic method have been noticed also by some traditional taxonomists. Waller's system of the Pectinoidea is considered to be an outcome of such improved approaches to phylogenetic classification.
Since traditional taxonomy and molecular phylogenetics often produce different results of phylogenetic relation, there is much heated controversy in various taxonomic groups. In our opinion taxonomy and phylogenetics should be discriminated, and a Linnean classification system does not need to coincide strictly with the branching pattern of the molecular phylogenetic tree as well as with that of cladogram in cladistic analysis. For example, if paraphyletic groups were rejected, the resultant classification systems would become quite impractical (e.g. the classification of vertebrates by Nelson, 1994) . Nevertheless, the results of cladistic and molecular analyses should be taken into consideration also in traditional taxonomy, because these methods must be effective in seeing through morphologic convergence of various levels.
The coincidence between Waller's system and the present phylogenetic tree is not regarded as accidental. Waller did not apply any molecular character but saw through convergence of various levels by careful examination of taxonomic characters. The result of our mtDNA analysis indicates the adequacy of his improved method in the evaluation of characters. At the same time it is strongly suggested that careful evaluation of uniquely derived morphologic characters could approach true phylogenetic relationship. Another suggestion to traditional macrotaxonomy is how to select useful taxonomic characters. Functionally significant characters are generally more conspicuous than non-adaptive characters and apt to be applied also in macrotaxonomy. It is considered, however, that they often change rapidly in accordance with the ontogenetic and phylogenetic changes of life habit. As demonstrated by Futuyma (1986) , convergence may occur more frequently in adaptive characters than in nonadaptive characters. Generally, non-adaptive characters, especially those in early growth stages, should be taken more seriously than adaptive characters in macrotaxonomy.
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